The purpose of this study was two fold a) to determine the levels of hormonal parameters which are related to growth and sexual maturation (T, SHBG, .AI, GH) in 66 pre-pubertal and early-pubertal boys (11-13 years old) who systematically engage in individual and team sports activities of endurance, strength, speed and skill, respectively, and b) to investigate the effect of two different forms of exercise namely aerobic (AG) and weight training (WG) on androgen levels in 19 sedentary pre-pubertal boys. The control groups (CG) consisted of boys of the same age who attended only the school physical education programmes. The individuals included in the study participated voluntarily after their parents had been informed and had given their written consent. Hormonal concentrations were determined using radioimmunoassay and immunoradiometric assays. No differences were observed among the various athletes groups as regards Tanner stages, height and weight. The mean T and .AI values of the control group did not differ from those of the corresponding athletes group. Significant differences were observed among the groups regarding BMI, % body fat, T, SHBG, .AI and GH (p<0.05). T and .AI values in the WG group were significantly higher than the corresponding concentrations: a) in the AG group by 338 and 609%, p<0.05 and b) in the control group CG by 91 and 96%, p<0.05, respectively. The hormonal differences detected among the various groups of athletes must be attributed as much to the type of physical exercise and to developmental factors as to the selection criteria used for the different athletic talents. The importance of the specificity of training stimulus in the hormonal adaptations of pre-pubertal sedentary subjects was demonstrated.
INTRODUCTION
The huge growth in the popularity of sports among youth over the last two decades has led to childrens participation in them at ever younger ages, and in training programmes of increased intensity and prolonged duration, resulting in various effects on the rate of physical growth and maturity 1, 2 .
The athletic talent selection is made according to hereditary, physical and functional criteria, and this, at the time when the body is undergoing the complex changes of somatic growth and sexual maturation 3 , complicates the interpretation of exercise related adaptations.
Development in boys is mainly dependent on the interaction of the progressive increase in androgens and growth hormone, causing characteristic changes in body constitution, distribution of fat tissue and muscular strength 4 .
The effect of intense training on the pituitary axis of adults has been thoroughly studied 5, 6 and reflects the biological and psychological stress related to exercise. The biological responses to intense training are related to the metabolic and neuromuscular features of the exercise 7 , with strength training clearly causing adaptations different from other forms of exercise such as aerobic activities 8 . There are few data however for athletes in the pre-pubertal period [9] [10] [11] , while the effects of different forms of exercise on sedentary pre-pubertal and pubertal individuals are conflicting. Specifically, T and .AI mean values have been reported to increase [9] [10] [11] , remain stable [12] [13] [14] or decrease 15 , following acute intense exercise or two-month to one-year training.
The aim of this study was to compare: a) the levels of hormonal parameters which are related to growth and maturity [Testosterone (T), sex hormone binding globulin (SHBG), free androgen index (.AI), growth hormone (GH)] in pre-pubertal and early-pubertal boys who systematically participate in individual and team sports activities of endurance, strength, speed and skill, and b) the effect of two different forms of exercise (aerobic and weight training) on androgens in sedentary pre-pubertal boys since the results of studies on well trained athletes cannot be extended to other population groups 16 .
SUBJECTS AND METHODS

a) Athletes
Eighty (80) children belonging to 8 groups were included in the analysis: 11 runners, 11 swimmers, 9 basketball players, 9 handball players, 10 rowers, 8 weight-lifters and 8 fencers. Their age ranged from 11 to 13 years. The control group consisted of 14 boys of the same age range. The athletes had been selected via school and national development sport talent programmes under the minimum criteria of 8 months of regular athletic training, appropriately designed for the age group, and were subjected to moderate intensity training programmes at least 3 times a week, enabling them to learn the basic kinetic patterns of each sport. The boys who participated in the control group were screened from a large number of schoolboys on the maximum criteria of regularly attending standard school physical exercise classes. Anthropometric characteristics of all subjects are presented in Table 1 .
b) Sedentary boys
Twenty nine boys are included in this group. Nine boys aged 11-13 yrs were subjected to a two-month regular weight training programme, 3 times a week, 17 , while 10 peers of the same characteristics were subjected to a two-month aerobic training programme on the treadmill, 3 times a week at 70% PWC170 for 45 minutes 13 . None of these subjects had previously been engaged in sports. Their control group consisted of 10 boys of the same age, who were not subjected to any kind of intense exercise for the duration of the programme. The anthropometric characteristics of the entire group are given in Table 2 .
All subjects in the study participated voluntarily after their parents had been informed and had given their written consent. Their pubertal growth was determined according to Tanner criteria 18 , and the subjects were medically tested prior to their participation in the study so that endocrinological abnormalities, metabolic diseases or other adverse factors would be excluded.
The School of Biology, Department of Biochemistry and the Sports Medicine and Biology Department of Physical Activity of Athens University, approved the study.
Anthropometry: Subjects standing height (Ht) was measured with a portable Harpender stadiometer to the nearest 0.1 cm, and the weight (Wt) was determined using a digital weight scale (Seca 707) with a precision of 0.1 kgr. Skinfolds were taken with a Harpenden skinfold caliper and % body fat was estimated using Slaughters equation 19 . .at estimation from skinfolds gives body composition results comparable to those obtained from DEXA 20 . All anthropometric and body composition raw data were measured by one investigator with a previously controlled test retest reliability of r ³0.92.
Blood Tests: After 2 days of rest and 12 hours of fasting, approximately 10mL of blood was drawn from the antecubital forearm vein using a gauge needle 21G x 1 1/2´´/ vacutainer set up between 08.30-09.00 hours. The blood was allowed to clot at room temperature (22 o C) and the serum was separated by centrifugation at 3000 rpm for 15 min and then stored at 30 o C until analyzed (within 30 days). All blood samples were determined in duplicate Hormone assays: GH concentrations were determined using an ELSA-HGH solid phase two-site immunoradiometric assay (Cis bio international, ORIS Group, .rance). The sensitivity was 0.04 ng/mL. The intra-and inter-assay CVs were 2.4, 2.8, 2. Testosterone concentrations were determined using a Gammacoat ( 125 I)Testosterone radioimmunoassay kit (Dia Sorin, USA). The sensitivity was 0.059 ng/mL The intra-and inter-assay CVs (%) were 6.2, 6.7, 8.6 and 6.9, 7.71, 13.6, respectively. The cross reactivity with dihydrotestosterone, androstendione, epitestosterone and cortisol was 3.8, 0.8, 0.4, 0.02, respectively. SHBG concentrations were determined using an SHBG two-site immunoradiometric assay (DSL Inc, USA). The sensitivity was 3 nmol/L. The intra-and inter-assay CVs were 3.7, 1.1, 3.4 and 11.5, 10.3, 8.7 for doses of 27, 92, 119 and 26, 87, 115 nmol/L, respectively. No human serum protein is known to crossreact with the antibodies employed in the DSL SHBG IRMA system. The .ree Androgen Index (.AI) was calculated using the formula: 
Statistical analysis
Differences between groups were determined using ANOVA, followed by Bonferroni post hoc comparisons. .or all univariate correlational analysis, Pearsons coefficient was calculated. Height, BMI and weight were transformed into standard deviation scores (SDS) according to the following equation: SDS= (actual value-mean)/SD The data in the tables are presented as mean±SD. .or each analysis statistical significance was tested at the á=0.05 probability level.
RESULTS
a) Athletes
No significant differences were observed among the groups with regards to Tanner stages, weight and height. Significant differences were observed among the groups regarding BMI and % body fat, T, SHBG, .AI and GH (p< 0.05, Tables 1, 3 and .igures 1-6). Specifically, fencers BMI was greater than that of basketball players, swimmers and smaller than that of weight-lifters. Rowers had the highest %fat values and basketball players the lowest among the different ath-.igure 1. BMI of experimental and control groups. letes groups. The control group had more %fat than runners, basketball players and fencers. Rowers had the highest mean T and .AI values, and the weightlifters the lowest, and these two hormonal parameters were significantly different between these two groups. Additionally, rowers had the lowest SHBG mean values which were significantly different than those of runners, basketball players, swimmers, weightlifters and fencers. The SHBG mean values of runners, basketball players, swimmers, and weight-lifters, were significantly greater than those of controls. The GH mean values were highest in the handball players and lowest in the weight-lifters. The values in the weight lifters were significantly lower than in handball players, rowers, runners and controls; while the values in swimmers were lower only in comparison to .igure 2. %fat of experimental and control groups. The mean T and .AI values of the control group did not differ significantly from those of the athletes groups (Table 3 ). Significant differences, however, were observed among the groups: a) in T when age was used as a covariance (.=5.72, p<0.05) and b) in SHBG when age, developmental stages and BMI were also used as covariances with . rising from 19.31 to 40.25, p<0.000 (Table 4) .
The mean values of T, SHBG and .AI of the total athletes group were correlated with age, height, body weight and Tanner stages with minimum value of r 0.370 and maximum 0.532, (p<0.05). The values of GH were correlated with Tanner stages, T and .AI with minimum value of r 0.259 and maximum 0.532, (p<0.05). No correlation was observed among the hor-.igure 6. GH concentrations of experimental and control groups. 
b) Sedentary boys
The mean differences between the beginning and the end of the experimental period in T and .AI values of the WG group were significantly higher than the corresponding differences: a) of the AG group by 338 and 609%, p<0.05 and b) the CG group by 91 and 96% (p<0.05), respectively. No significant differences were observed in regard to SHBG (Tables 5,  6 ). No differences between the beginning and the end of the experimental period were observed in the control group in all hormonal parameters.
DISCUSSION
Studies in children participating in competitive sports have demonstrated distinct differences in height and body composition [23] [24] [25] . Information concerning hormones related to growth and sexual maturation is scanty. Bonferroni post hoc comparisons p<0.05: * WG vs AG, WG vs CG (Post-Pre): mean differences between the beginning and the end of the experimental design, AG: aerobic training group, WG: weight training group, CG: control group.
Physical exercise is an important factor influencing children body composition 1 ; however, the possible differences in BMI among children with different athletic activities require further investigation. Damsgaard et al (2001) failed to demonstrate any significant difference in BMI among boys aged 9-13 years who participated in swimming, tennis, handball and gymnastics. Contrary to these findings, the results of our study revealed clear differences in BMI between basketball players, swimmers and weight-lifters. The differences in BMI and body fat among the groups in our study could be attributed to the criteria with which the children were selected for the particular sports. Among other things, these criteria included physical characteristics related to slightly advanced body development and maturity and to the ideal body shape for the maximization of performance 26, 27, 10 taking into account that the influence of exercise on the anthropometric characteristics is not evident in the prepubertal period and is observed in the sex steroid controlled phase of development 28 .
In our study, although the individuals participating in the various groups of athletes were at comparable stages of pubertal development, significant differences were noticed as far as the age, BMI, body fat, .AI, SHBG and GH were concerned. GH in athletes correlated significantly only to T and .AI, without any obvious close relationship to the anthropometric features and age. The group of athletes did not differ from the control group in the variables T and .AI, which presented significant correlations with age, height, weight and stages of development. There was no correlation among hormonal parameters, age, biological stages and anthropometric features in the control group. The mean values of hormonal parameters in the sample ranged within the normal values of age and sex 22 .
The hormonal results of our study are in contrast to those of Mero et al 10 , who, having compared 4 different groups of comparable age athletes (sprinters, long distance runners, strength athletes and control group) did not find any significant differences in T and GH between the athletes and the controls and among the groups of athletes, respectively. In their study, T correlated significantly to pubertal development, chronological age and GH in the athletes group. The significant differences in T, SHBG, GH mean values among different athletes group of our study could be attributed to the different forms of exercise, and were more obvious in the sports in which the performance is related to muscle mass and strength, such as rowing and handball. The weight-lifters, probably because of their younger age among all groups, had the lowest mean hormonal values. Nevertheless, the nature of this sport might lead to specific exercise related hormonal changes 29 .
The correlations of T and .AI with the anthropometric variables and the pubertal stages of development in the athletes group compared to the total lack of relevant correlations in the control group indicate that the athletes were under the influence of exerciseinduced anabolic procedures 9 .
Considering the ANOVA results of our study, where age, stages of development and BMI appeared to be taken into account in the effect of different forms of exercise regarding T and SHBG, we are led to conclude that the differences of hormonal parameters among the groups should also be attributed to development and maturity factors 30 . The significant correlations among T, age, development stages and height in the experimental groups of athletes confirm these findings.
The influence of the two-month exercise pro-gramme (aerobic and weight training) on the androgens of athletically inactive children (sedentary boys) revealed that the exercise-induced changes in T and .AI, in the weight training group were considerably greater than those of the aerobically trained and the control group signifying the critical role of the specificity of training in sex hormones indexes. Testosterone and .AI mean differences of WG between the beginning and the end of the training period (pre-post) were significantly larger than those of AG and the controlled, untrained, respectively. There are few data on the influence of aerobic training 13 and weighttraining 31 on individuals in early-puberty. Specifically, while aerobic training does not seem to have an effect on the anabolic-androgenic process, weight -training increases considerably T and .AI. This is of particular interest since it is well known that T during puberty exerts an anabolic action on muscle growth 32 and is related to the biological condition of the trainees 33 and .AI, the biologically active or unbound T (free testosterone) which is available to tissues, and demonstrate the subjects trainability 34 .
A number of points need to be clarified with regards to mechanisms that characterize the exerciseinduced changes in early-pubertal individuals. .irstly, it is possible that the exercise related hormonal adaptations might contribute, as additional stimulus, to the intense anabolic process of growth velocity. Secondly it is well documented that increases in strength after resistance training in early-pubertal subjects are probably caused by modifications in the neuromuscular activation patterns as well as by changes in certain intrinsic characteristics 35 . .inally, the question is raised as to the potential role of T in strength acquisition influencing neural factors 17, 36 and the possible muscle fiber transition of type II to more glucolytic profiles? 37 Overall, it appears that the hormonal differences among athletes of different sport groups are partially attributable to the influences of physical exercise. Nevertheless, developmental factors and the selection procedures of athletic talents possessing optimal physical characteristics for these specific sports are by no means insignificant. The participation of children in widely popular sports such as swimming, basket ball, track and field events should be considered as facilitating the developmental process as long as the specific physiological limit of training for the particular age ranges are not violated. The importance of the specificity of training stimulus in the hormonal adaptations during pre-pubertal or early pubertal of athletically inactive children was demonstrated within the limitations and constraints of this study.
